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A STUDY OF FACTORS LIMITING THE UTILITY OF A 
DIGITAL MEMORY SYSTEM WITH NONDESTRUCTIVE READOUT 


by 
Stanley W. Kroka 
Thomas W. Robinson Il 


(Submitted to the Department of Naval Architecture and Marine Engineering 
on 23 May 1955, in partial fulfillment of the requirements for the degree of 
Naval Engiaeer.) 


ABSTRACT 


The probiom of determining the feasibility of expanding the 
system designed by General Cisctromics Laboratories, inc., intoa 
large practical array ixvolvsa se many aspects thet reqaire concentra- 
ted study that this investigetica was confined to 2 study and static 
analysis of the core and diode matrix scheme. 


The iromediately obvious problem was dicde back leakage current. 
Whenever large numbers of crystal diodes are connected in paraliel, the 
summation of individual back leakage currents at critical points may 
cause trouble by destroying stored information in a core, or by sufficiently 
reducing the net magnetizing force an the selected core so that proper 
readout is not insured. In addition, leakage currents generate directly on 
the oxtput winding an unwanted voltage thet may indicate wrong informa- 
tion when a core is read out. 


To determine the size limitation imposed by the feregoing con- 
ditions, the diede matrix was gralytically reduced, and the magnitude of 
total leakage current was caiculsted as a fumction of matrix size and read 
current. The pulse responses of the core used ix the model in the "clear’', 
"3", and 'O" remanent etates were then obtained for currente in the range 
of interest. The core response data was then correlated with the matrix 
analysis to fied out which condition was the limiting one. Interpretation 
of the data wae rarde under the assuraption that the memory core and 
diede characteristics were identical. 


The resulte included: 

1} Leakage current output voltage is a function only of total leak- 
age ina xz ~ plane and ie of the sarne sign as the readout voitags. 

2) The use of silicon point - contact diodes allows a much greater 
matrix size. 

3) For small disturbances, the magnitude cf the output voltage of 
the core is independent of the state or tha direction of the 
disturbance. 
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The conclusions and recommendations included: 


i) 
+? 
3) 
4) 


by 


Leakage current cuipu: vottage is tae factor that limits matrix 
aise. 

Goed reliable operation may ve olbiained irom @ 32 « 32 

sime & - plane matrix. 

The operation of z 64 x 64 size x ~ plaze matrix would be 
raargival at best. 

The existing device may not be operating under optimum cone 
ditions. At the read current value of 160 ma. used, the cores 
do not give the maximum difference between ‘'i"' and ''0'' 
readout voltages. 

The uee of clipping instead of reference core comparison tech- 
aiqse, ov the use of a reference core difierent from the 
memory core will greatly lacrease the limit te which the 
metrix inay be extenced. 

A complete dynamic analysis should be made to determine if 

a Uirnit is imposed by diode shunt capacitance and core 
inductaace. 
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INTRODUCTION 


The basis of the nondestructive readout method developed by 
General Electronics Labs. Inc,, and tested in a sizteen word bread- 
board model is minor loop permeability. Boszorth (1) shows how 
minor loop permeability varies for different remanent states. For a 
stable remanent state near the maximum: negative remanent state, the 
ratic of minor loop permeability te the permeability at the undisturbed 
gare (maximum positive remanent) state ix approximately 2 to 1. 

In Fig. 1, stable remanent state "A" is defined as al". 
Normally, maximum negative remanenca is given this dealgnation, 
but in order to proceed logically from the work already dene on this 
method, the notations previously established will be comtinued. If a 
core in state “1” is puleed positively to H', tha magnitude of the output 
doublet voltage which appears across secondary windings will be 
approximately twice the voltage thet would appear if the core were in 
the “0 state, Since state ‘1" is stable, a readout pulse of magnitude 
H' may be applied an infinite momber of times without destroying the 
state, and the intelligence stored by the core may be determined by the 
secondary voltage magnitude. The advantages of this noadestructive 
readout system over the presently used read - rewrite system of 
coincident currents is felt not to be a part of the objectives of this 
investigation. 

Two practical ways of differentiating between the i' and ''0"' 


read voltages are clipping and reference core comparisen. Im the first, 
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the maximura "0" oautput voltage would be determinad, and circuits 
would be designed to exclude all signals below that level. In this 
manner, the output from « stored one would yicid a signal but the out- 
put from a stored sero would not. 

The second method compares the output of the memory core 
with that oi a reference cove whica is wliways in the sero state. The 
cores ave puised ideumticatiy ano sinuitaneous iy, Baa the Outputs are 
fed te & ditierence ampiliier, Ii the memory core holds a cero, the 
comparizon with the reference cere in the difference arepiiffer will 
theoretically yield no output, whereas if it holds 2 eme, there will be an 
output. General Electronics Late. choae this method i constructing 
thelr working medel. 

To show how a memory matrix may operate om thie principle of 
nende structive readout, a 4 by 4 by 4 matrix will be uced ae ax iustra- 
tien. Fig. I ie the circuit diagram of the memory. Incladed on this 
figure are wiring diagrams for both the reference and memory elements. 
Fig. 0 shows the spatial configuration of the matrix. 

The matrix capacity is sixteen words of four binary digits per 
word, The four cores with the same (x, y) coordizates in all four 
z ~ planes make up one werd. The X and Y drivers work in pairs, 3 
that the selection of drivers X, and Y,. pulses the word (x,, y,,,)- 

Each word has a reference core associated with it, and each core has & 
forward and back diode associated with it. 

Pulsing a word through the “clear” circuit sends a 106 ma. pulse 


through twenty turns on each core in the word, and drives them all into 
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the maximum negative romanent state. At the same time, reversed 
current connections on the reference core associated with the word 
drives it inte the 6" ox positive remanent state, The clear condition, 
then, is all memory cores in the maximum negative remanent state 
and the reference core in the 0" state. 

To write a "OG" into a memory core, the appropriate X, Y, and 
% drivers are energized. The X and Y drivers in combination, and the 
Z driver, each supply 100 ma. through ten turns and switch the designa- 
ted core into the ''6" state. All other cores in the z - plans and all 
other cores in the word are disturbed from the clear state into the 
stable ‘i state by a magnetising force of one ampere - turn, since 
the < driver selects an entire plane and the X and Y drivers select a 
whole word, The reference core state is not dieturbed because the 
write - sero pulse is in the positive direction, 1.¢., in such a direction 
as to drive it further into the 0" state. 

Writing a ‘'l" into a core merely requires that the core be dis~ 
turbed by 190 ma. through ten turns. Ones are written inte whole words 
at once by selection of appropriate X and Y drivers. 

Similarly, im reading out, an entire word is read out at once. 
Each s « plane has its own output winding which threads ali cores in 
that plane. A selected combination of X and Y¥ drivers pulses a word 
and its reference core with one ampere - turn, This amplitude read 
puize will not disturb cores from thelr stable states. One core in each 
z ~ plane is therefore energized, and the output of each « - plane is 
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compared, in a difference amplifer, with the voltage output of the 6" 
atate reference core of the selected word, This reatout process may 
be repeated an intinite number of times without destroying the intelli- 
gence onthe corss, Reading out and writing ones are identical opera- 
tions insofar as the drivers are concerned, 

For further information concerning the actual circuits aad 
operation ef the breadboard model constructed by Saasral Electronics 


Labs. Inc., see {2}. 


The Dicde Matrix 

Fig. Ul shows that paralleling the core matrix ia a diode matrix, 
the purpose of which is disassociation of the ‘clear’ and “read - write’ 
eigcuite, Since the diodes are not perfect, some leakage occurs. As 
the matrix is expended in sige, more bach pathe through the diodes are 
put in pavailel, increasing the total leakage current. These individual 
back leakage currents may combine at points in the matrix. If the com- 
bined leakage current is sufficiently large, it may cause trouble in 
three ways. It may disturb the remanent state of acore, It may generate 
an unwanted voltage directiy on the output winding that causes the indica~ 
tion of wrong information. Finally, it may reduce the net magnetizing 
foree on the selected core sufficiently so that ite “3'' voltage cutput when 
readout cannot be differentiated from the 'S" output of the reference core. 
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PROCEDURE 


The diode matrix in Fig, Ti was redrawn in three dimansions 
without the cores as shown in Fig. IV-A. When the assumption is 
rnade that ali diodes ars identical, it is possible to reduce the three 
dimensional matrix of Fig. IV-A to the simple parallel circuit of 
Fig. VeA. Use of this circuit in conjunction with forward and reverse 
law voltage characteristic curves for the IN56A (the diodes employed by 
the system under consideration) perraitted the calculation of leakage 
current versus read current for various values of matrix sixe. 

The voltages on cere output windings for low ampere - turn 
inputs were obtained in the laboratery. A contingous apectrum of 
this leakage voltages was obtained for the three different ctates in which 
the core could be, the clear state, the 1 state, and the "O° state, 

The matrix leakage paths were analysed to determine the lecae 
tions of the ‘critical’ peints where all or many of the individual leakage 
currents combined, 

The laboratory data waa correlated with the diode matrix 
analyeis and the leakage path analysis to estimate te what soproximate 
size the matrix could be extended before one of the three troubles 


previously mentioned blocked a further increase in size. 
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FIGURE YA 
REDUCED DIODE MATRIX 
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FIGURE VB 
REDUCED DIODE MATRIX 
WITH CORE WINDINGS 
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RESULTS 


1) For small ampere - turn magnetizing forces, the magni- 
tude of the veltage output of the core is independent of the state of the 
core or the direction of the magnetizing force. Fig. VI shows the 
voltage output curves for a core in the "1", "0", and ‘clear states 
when pulsed positively. The curves are identical up to a value of 
about .2 ampere - turns. 

2) Leakage current output voltage is a function only of total 
leakage current in a a - plane. 

3} Leakage current output voltage is of the sense ta add to the 
"1" and "0" output in the z - plane output winding. 

4) Leakage current output voltage is independent of the 2" 
direction of expansion. 

5) Total leakage current increases with an increase in read 
current or matrix sizes. See Figs. Vi and VilieA. 

6) <A selection magnetizing-force current of 1.1 ampere - turns 
yields a higher “1" to 0" output ratio than 1.0 ampere - turns used in 


the system. The plot of the output curves for these two remanent states 





is shown on Fig. VI. Increasing the read current to some higher value 

will ease the problem of differentiating between the 1° and ''0" outputs. 
7) Fig. VO shows one curve for silicen dicde, Transitron type 

SeS, The leakage currents computed for a 256 x 256 size matrix using 


these diodes are less than those in a 50 x 50 size using the IN56<A. 
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DISCUSSION OF RESULTS 


Matrix Analysis of Le Pathe 





The exact locations of anticipated trouble conditions were 
established in general terms by analysis of the leakage path: shown 
in Fig. IV-B. 

lf the word at (x;, y,) waa selected to be read, all cores in 
every x - position on the y, line, except the selected core, could 
have its remanent state sufficiently disturbed so that the output voltage 
would indicate a “1 when a ''0' was actually stored. This is seen by 
observing that the magnitudes of the leakage currents through the 
“clear” and read" windings of cores in positions (x2 4... y;) are 
approximately equal. The ‘clear winding has twice as many turns 
as the read winding. Therefore, the net effective magnetizing force 
on the core is from the leakage current in the ‘clear’ winding which 
tends to disturb the cores toward the negative remanent or 'clear” 
state. If the core is disturbed sufficiently (not necessarily all or even 
most of the way to the ‘1’ state) its output voltage when read at a 
later date could be large enough te indicate a ‘1'', 

It is also seen that the same magnitude of leakage current in 
the above ''clear' windings also flows in the clear’ winding of the 
aelected core. If this leakage current is sufficiently large, it may 
reduce the net read magnetizing force to such a value that a ‘1 output 
voltage is reduced so that it may not be differentiated from the ‘0" 


voltage of the reference core. 
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However, if these leakage currents ate traced back through 
their paths, it is established that the sum of both the ‘clear’ and 
"vead" leakage currents at (x2 3,,.n: y;) flows through read windings 


at core positions {x}, Y2,3 }). The effect of these currents is to 


oo tt 
generate an unwanted positive voitage on the output winding. If the 
selected core stores ane", this leakage curren: voltage adds to the ‘0" 
output voltage from the z - plane and the sum may be sufficiently 
larger than the reference core ''0' voltage to indicate a ‘1". It is very 
important tc note that this leakage current voltage also adds to a‘'1” 
output voltage of the z « plane. 

Let I, equal the read current, I, equal total leakage current, 
I. equal leakage current in ‘clear’' winding of the selected corse, and 
n equal linear dimension of matrix size. 

Then for n=75 (75 x 75 matrix), at 1) = 100 ma., i, = 32 ma. 


The maximum leakage current in the ''clear"' winding of the selected 


I 33 I; LOG 
core is —&— = 22 - .2215 ma. The ratio of - = 452. 
2 nel 149 I. ~ 221 


For a = 106, the ratio of; net magnetizing force on the core is 
1 . magnetizing force from 1, alone 


-98 (1, flows through twice as many turns). Since the read H =! amp. -« 
turn, the net H on the selected core equals .98 amp. -turns. This 
reduces the magnitude of the ''}'’ output voltage by only SER of a volt 


or 5mv. (from Fig. IX-B). Since the ratio, a. for n-75 is more 


| wee 


© 
than four times 100, the ratio of magnetizing forces is even closer te 
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Test Equipment Set-Up for determining 
Small waa voltages from memory cores. 





1.0. A matrix of n= 75 is already past what is considered marginal 
operation by reason of leakage output voltage. (See Correlation of 
Core Data with Matrix Analysis). Therefore, it is determined that 
this situation need not be a consideration in expanding the presently 
existing system, since its size is already limited by another effect of 
leakage current. 

The leakage current through ‘'clear'' windings may destroy 
information if large enough. Let Io = 33 ma. {n = 75, I, = 100 ma.). 


The H applied to the cores at (x, 3,. on’ y;) from the leakage current 
i 
in the read winding ie: soy (1G turns). From the clear winding: 


1 (-20 turns). 
— 


The net H is the sum of the above: 


I / 
Net H= ae (19 + Z20)= -2.215 ma. turns. 


This ie much too small to disturb the remanent state sufficiently 
to increase the output voltage of a core when read out at a later date, 
Again matrix size is already limited by another effect of leakage 


current, 


Matrix Analysis ef Diodes 


Total leakage current was found to be a function of I, the 
selection current, n the linear dimension of matrix size, and the 
characteristics of the particular dicdes used. Forward and reverse 
low voltage characteristics of the Sylvania 1N56A, the diode ueed in 


the system under consideration, obtained from the manufacturer 


ee 


igutgvecs Desabtance 4 tude aoe Yhawtle at OY > 2 te zien A OL 

Jo sct2eiet 792 #02) .agatioy Mmyine epadsct Yo aneeey qd arttereqe 

jed3 bantrrrniah oii) overall .(ulrylanA xieaks dtiw ate exo 

(Uitnesory od! gninaagrs 1 ccttatehienns ¢ gd toe Gees catiassic eidtt 

lo Halle sadmas W besten yhewele 21 ents est vonte oetwys guifeles 
toes geet 

yerieo® yam sgsiaaie ‘tsel>" dgewud) et w> eyeten! ofT 

(me O8ls 2 @¥<0) an tt =<) iat Agenee ogee U eeiteoeeies 
tow 7s ayedeel edt sowed (yt. g eth te eetos et ar ballqye Hate 


tpathatw seals elt amor .(amut 01} me sab patted heoy od) mi 





wnat Oh) _ Se . 


wvedta act lc quee att 0! A 300 od T 


ered ee CAE B- = 7 0E - OL) ery 78 
(lineinilua etece towasmet afi dtytelb ot Uecve ool 420m et eutT 
aiak yetel 6 16 toa Baws nedw euos 2 Yo apetioy ings add peaeeon) a? 
oyrtesi ke io@e telinas yt Wedicdll yheenle of aute xtuteer shegA 
eer. 


octet) Yo alsyiome, ntrse ed 


i )L eeeme’ pow ct beech cow Aewwwws <gecleel lace 

ott Lee veel? chetaen © pottewed> tamed emt deerme wales 
eeteres hus base te) Jbeee eofuth talveliees #68 te «attelestaeseds 
i heen ebalh ad! ACC) ahowyiy! at! "ole esiaeteds ageiler wel 

tewi2stonec 6) coos bequtihto amie eebione: Tehaw ewateys ad 








10 


(Figs. X and XI) permitted the calculation of the magnitude of total 
leakage current for any matrix size and given value of I). These 
results are plotted in several different forms in Figs. VU, VIM, and 
VilleA. The curves show both the manner in which total leakage 
current increases with matrix size and magnitude of read current, as 
well as the relativefabsolute magnitudes of total leakage current. A 
significant system improvement was noted over the germanium diodes 
with the use of a silicon diode, Transitron type 5-5. It was necessary 
to increase the matrix size to 256 = 256 in order to obtain leakage 


current magnitudes to permit plotting on the same scale of Fig. VI. 


Memory Core Characteristics 
Theoretically, core output voltages should depend on the 


remanent position of the core on its hysterisis loop, being propor- 
tional to the incremental permeability at each remanent position. 
When output data was taken for the three possible remanent states of 
the cores as used in this system, it was found that the curves of out- 
put voltage versus magnetizing force were coincident up to a magne- 
tizing force of about .2 amp.-turns. It is felt that the reason for this 
lay in the accuracy limitations of the test equipment rather than the 
actual core characteristics being identical for all three remanent 
states. In the measurement of the extremely small output voltages 
from the small magnetizing forces which would result from the magni- 


tudes of leakage currents found in the diode analysis, differences in 
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output voltages between the core states were not measurable. 
Because of this, and since the output voltage curves appeared to be 
coincident near the origin, with a constant slope, the assumption 
was made that any actual differences of output voltage for the rema~- 
nent states would be negligible up to a magnetizing force of .2 amp. - 
turns. 

When the magnetizing force was increased to values near the 
region of operation, it was found that an appreciably higher 1" out- 
put was obtainable. The response of a ''l" for a read current of 110 
ma. was plotted on Fig. 1X-B to illustrate this. Bozorth (1) sheovws 


how incremental permeability varies for different remanent states. 


Correlation of Core Data with Matrix Analysis 
Every core with leakage current in it will generate a voltage 


on an output winding. A general analysis of the matrix using estabe 
lished magnitudes of leakage current, core voltage output data, the 

equivalent circuit of Fig. V-B, and the number and direction of core 
windings, was made to determine a final magnitude of output voltage 
from leakage current. It was found that ail the leakage voltages from 
cores associated with the two parallel branches cancelled, leaving as 
the only leakage output voltage that generated by the cores aseéociated 
with the set of forward diodes in series with the parallel branches of 

Fig. V-B. These cores, in the case of a selected position of (x,, ¥,)» 


are at the (x a! positions previously mentioned. In general 
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terme, for a selected pogition of (x,, Vn) all cores on the x, line, 
less the selected core, will generate output voltages from leakage 
currents. 

The magnitudes of leakage output voltages for a series of 
leakage currents, which were identified with matrix sizes by holding 
I, constant at 100 ma., were calculated and plotted against matrix 
size in Fig. VI. In addition "1", "0", and "1" - "0" voltage magni- 
tude levels were drawn on the same figure. 

As previously noted, the leakage current output voltage is 
added to beth the ‘'1"' and ''0" output voltage from the memory cores. 
However, the magnitude of the reference core ''0" response is fixed, 
This means that ifa 6" is to be read out of a memory core, leakage 
current output voltage may add a sufficient amount to the total output 
voltage to have the sensing amplifier indicate a ''l'' response. The 
matrix size 64 x 64 was determined to be marginal by the following 
somewhat arbitrary reasoning. 

This is the size where the ''l'' - "0" difference voltage is 
reduced by approximately one half, and it will be reduced even more 
by statistical variations in core and diode characteristics. Consistent 
detection of ones and seros with very small difference voltages requires 
extrernely careful engineering of sensing amplifiers with precision 
components. This is the major limitation when it is kept in mind that 


consistent, reliable detection is of paramount importance, 
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Noise Voltage Considerations 
it should be noted that these leakage output voltages are 


predictable to the extent that the diode and core characteristics 
are identical. Random, unpredictable voltages, commonly known 
as ‘noise’ voltages, will exist in this system and may ultimately 
limit the matrix size. 

Several possible sources of noise voltage exist. A diode may 
change its characteristics after a period of operation and permit 
more leakage current in a leakage path. This means that there may 
be incemplete cancellation of the leakage voltages generated in the 
matrix positions other than cores on the selected x = line, y - 
positions. These are random because the effect could be any of the 
ones discussed previously, depending cn the particular diode that is 
bad. 

Cores will undoubtedly be individually tested (automatic or 
otherwise) to obtain as nearly uniform responses as possible. Nevere 
theless, small differences will exist simply because obtaining exactly 
identical cores in large numbers is a tremendously difficult problem. 
The differences in core responses will again result in incomplete 
leakage current output voltage cancellation, even if all diodes are 
exactly identical. As before, these uncancelled leakage output voltages 
are random and unpredictable. 


There is always the possibility of spurious voltages being 
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generated from air leakage flux, and other energy fields from 
external sources. 

it is obvious that as matrix size increases,the opportunities 
for generation of noise voltages will increase. No quantitative 
estimates or predictions can be made except by measurements az 


larger and larger matrices are operated. 
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CONCLUSIONS 


1) In the range of matrix sizes investigated, magnitudes of 
leakage current are too small to be the limiting effect by preventing 
proper readout of the selected core or destroying stored information. 
The present system, then, is limited in size by the leakage current 
output voltage which adds to the ©’ readout to indicate a 1’. 

2) Expansion of the present system to a 32 by 32 matrix is 
feasible since at this matrix size, the leakage current output voltage 
is only 15 percent of the “1 ~- "0" output voltage difference. At 64 by — 
64, however, the percentage is more than 50 percent, and operation 
is marginal at best. 

3) The system may not be operating at its optimum point, 
since 100 ma. read current does not yield the maximum ''1" ta ‘'6' 
output ratio. For each value of matrix size, the read current value 
must be optimized to give the maximum 1" - ‘0'' output voltage 


difference with minimum leakage current. 
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RECOMMENDATIONS 


1) In the existing systern, there always will be a difference 
between the ''G'' readout voltage and the reference core output volte 
age. This difference is the leakage voltage. lf a core larger than 
the memory core is used as reference, the voltage output of the 
reference will be larger and may be used to compensate for the leake 
age voltage. Cvercompensation, or designing the reference output to 
lie between the °1'' and ''0" readout voltages, will ease the problem 
of subsequent amplification of the output difference. 

2) The use of clipping to differentiate between the ‘'1'’ and 
“O" output should also be thoroughly investigated. 

3) The system should be operated at a point of maximum "1"! 
to ''O'' output voltage difference, and input turns {read current magnie 
tude) should be adjusted within practical limits for minimum leakage 
current. 

4) The use of smaller memory cores may greatly reduce 
the problem of winding the cores by reducing the number of windings. 
This, however, may reduce the 1" to ''0"' output difference, thereby 
making differentiation between the two signais more difficult. 

5) It ia of the utmost importance that a dynamic analysis of 
the system be made. The further limitations imposed by stray 
capacitance, diode shunt capacitance, and other dynamic factors may 
be extreme. 


6) The use of silicon pointecontact diodes is highly recommended. 


srorragnnaM aS 

ramen a ote eyewin eaa seme soles at | 
pen lowing deg 
oat tnguaiavea. ol agedies messes at os soon 
on aod by tog sarod a | ate comers oa fae Swe! 
reas hen vageal ot U pre 




















sank ot 03) wtnaaonewes of Doan a vans haw Sagtal ot 
— woken Me er 4 
at Regis wrewtsies add 5 sn ogetlny wpe 





“0h 4p eel 


mae we cee Be sores tenes + bee)" nad meowted 
eis or ns es Spe 
pap Al ps om 8 eer nae on ——_« of 














pamemsiasis—™ — 





1" ammamact to sey 0 se hemsnge od bm amemye —-s 








ee ee. Cee 
_tegem manu: isou) ered gt tes ,\pecoetlllh agatiey ogo "9" ea 
“= ~~ ee aap Ty 
seeten) euta $0) etm Lasetaeny sadiw beseatne od tuna (abet 


- a oF eo e+ Ore ey 












eo or oe o o> 
ecuber Wikies vain cones quemant talhams te ved fT o 


Agta ie We ted of) gtinabes ul tena eat: priate lo asideny «mo 
tenet? eoceretiit oe VY of ¢ ol quakes yer (rere! als? 
TL ad Adee VT el" OOPS TEI ee aD guddzes 

e ateylane Shy 2 me Core Het ele eta 
Sete (6 frescoes sommes!) Cbd eT een od cicetere att 
Yan Wit Meer Tadd tao etemeqes dade etal ences 5 
enartiew 26 





hier le, vligld ol waboll Ins e~seteg crotlig to sem eT ld 















ee =_- & «& <, — (ie 2 a 
ate eee fm ee pate | me 


on as afile 


- ie ee py = ena on at 
——pe tt hl, a 


> 


= & <i 


a 





So? mmm ly Cnet pa 


ant EE Gre one cal OS Ce - 


——h, ow J heaetenein a 7 
— = : ee ae 








4 
-_ 









ey 
a Cem! 426 “== 7 qm e 
co -———-_ « (i= —=——— <a 
—- . 6 ee ee 

= = —_— ——@«@ © 

_ ’ aie é ites et eee 
— © o 





‘ tt ee—ili,y itty i | 


18 


APPENDIX A 


DETAILS OF PRC CEDURE 


Analysis of the Diode Matrix 
Fig. I1V-A, the three dimensional view of the diode matrix, 


can be reduced to Fig. V-A or V-B. Sv showing that points "A" and 
‘Bon Fig. VeB are always at the same potential, the points may be 
connected for the purposes of static analysis. This reduction is 
valid, if the assumption of identical diodes is made, because the 
ratio of the number of back diodes to forward diodes in each of the 
two paralle] leakage paths of Fig. V-B is the same. 

It is obvious that as the matrix size is increased, more diodes 
are paralleled, lowering the ratio of the leakage path resistance to 
the read path resistance. Consequently, as N ia increased, for a 
fixed readout current, the leakage paths take more and more of the 
total driver current, One important feature of memory design is 
design of the drivers, which, besides supplying readout current, must 
supply the leakage current. An important parameter for driver design 
is the ratio of leakage current (I,) to readout current {I,;) as a function 
of matrix size, This curve was obtained using Sylvania-supplied low 
voltage characteristics for the diode IN56A4 (Figs. K and XI) in con- 
junction with Fig. V-A. 

The method used is as follows: 


l. Assure a value of N. 
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Assume a value of leakage current. 

In each of the three diode sections of the leakage path, 
divide the current in accordance with the number of 
parallel diodes. The voltage drop across the section 

is then the vcltage across one dicde in that section. 

Using Fig. X and Fig. <add up the voltage drope in 

the leakage path. This voltage sum is the drop across 
the read diode. 

I, is equal to (voltage drop across the read diode - .75) x 
(58.5) ma. This equation represents the slope and inter- 
cept of the forward characteristic curve of the diode. 
Published curves do not extend to the region of interest 
and they had to be extrapolated, but the diodes are usually 
stable up to 300 ma. D.C, and probably much higher for 
low duty cycles. 

Calculate the desired ratios and the value of leakage 


current. 


Leakage Current Voltage Analysis 


As mentioned previously, all the cores in az - plane are 


linked by the same output winding. When a werd is read out, one 


core in that « - plane impresses on the output winding a voltage which 


is dependent upon the core state. Other cores in that « - plane, howe 


ever, are pulsed by leakage currents, and they too impress a voltage 
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on the output winding. This leakage voltage appeared to be dependent 
upon the state of the core in the leakage circuit, The systerr under 
consideration allows the cores to be in any one of three states, 
“clear, ‘1, and "OG" so that it became necessary to obtain in the 
laboratory the response of the core to small currents when the core 
was in all three states. Fig. 14-A shows a block diagram of the 


apparatus used, 


A. The "0" State. 

Driver #2 was disconnected. The output of driver #1 
was raised sufficiently to put a test core in the "6" state, then 
was reduced to zero. The cutput was raised in small incre- 
ments and for each increment, the core output voltage and the 
voltage across the metering resistor were recorded. Metering 
resistance voltage is proportional to the current pulsing the 
core, so that a spectrum of output voltage versus input current 
for a positively pulsed '0'' was ebtained. Ten windings were 
used on the input and twenty windings were used on the output. 
The input windings were then reversed and the same procedure 


followed to get the data for a negatively driven ''clear”. 


B. The "1" State. 
Driver #2 was disconnected after it was used to put the 


core in the clear state. Driver #1 cutput was raised to 100 ma., 
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and then reduced to sere. The core was now inthe 1" state. 
Driver #1 output was raised in small increments to 100 ma. 
and data was taken in the same manner as previously. The 
output wae then raised to 110 ma. and the process repeated 
for the stable remanent state resulting from a 110 ma. posi- 
tive pulse. Fig. IX-B is a plot of the data obtained in the 


laboratory. 


Correlation of the Diode Matrix Analysis with Leakage Voltage Analysis 





In analyzing the dicde matrix, Fig. V-A was derived by con- 
necting equipotential points A and ''B in Fig. V-B, with the ulti- 
mate goal of computing total leakage current as a function of N. Ina 
leakage voltage analysis, the im 
individual diodes and their related cores, and it is not immediately 


¢t criterian is the current in the 





obvious that the tetal leakage current in the matrix ef Fig. VeA will 
produce the same effect. Consequently, the two leakage paths were 
kept separate, and Fig. V-B was used as a basia for this calculation. 
In Fig. V-B, the number in brackets indicates the number of 
turns on the asseciated core through which the leakage current passes, 
and the sign indicates whether the output voltage tends to add or sube- 
tract from a read voltage. The resistances of the two leakage paths 
are in a ratio of Nto (N-l). This is based on the assumption that for 
large matrices the currents in the two leakage branches and hence fore 


ward and back resistances in these branches are approximately equal. 
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Cne important result of the core data is that for srnall 
disturbances the voltage output of the core may be assumed to be 
independent of the state (see Fig. IX-B). This greatly simplified 
the computation of leakage current cutput voltage as a fanction of 
matrix size. 

The leakage voltage in one parallel section of diodes is equal 
to the product of: 

1. The current in one diode in that section. 

2. The number of turns on the core through which this small 

leakage current passes. 

3. The slope of the leakage current output voltage curve in 

volts per ampere-turn. 

4. The aumber of diedee in that section, 

However, the product of one and four yields the total leakage 
current in that section. The leakage voltage, then, 1s independent of 
the number of diodes in each section, and is dependent only on the 
leakage current. This establishes the conclusion that there is com- 
plete cancellation of leakage voitage in each parallel branch of Fig. V-B, 
which leaves a net leakage voltage of 1,(N-1)(10). 

In computing the leakage voltage as a function of N, the following 
procedure was followed: 

1. 1,, the leakage current at 100 ma. read current, was 


recorded for each N curve shown on Fig. VY. 
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2. Leakage voltage equals 1,(10)(. 0963) where .0963 is the 
slope of the leakage current output voltage curve at small 


ampereeturn driving forces. 
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APPENDIX B 


SUMMARY OF DATA AND CALCULATIONS 


Figure VIL shows the result of the dicde matrix analysis. In 
addition to indicating at what read current the ratio of leakage current 
to read current is a minimum for a given value of N, it indicates the 
upward trend in the ratio as matrix size is increased. The silicon 
diode curve also clearly illustrates the advantages to be gained by its 
use, 

To bring out trends more clearly, Figs. Vill and VILI-A were 
drawn frorn computed data. Fig. VIM. shows what portion of the total 
driver current is taken by the leakage paths, and Fig. VHI-A shows 
how total leakage current increases with both matrix size and read 
current. 

Fig.IX-B presents the laboratory data of the response of the 
core to emall magnetizing ferces. Two positions of the ‘1'' state were 
used in order to investigate the possibility of Improvement by choosing 
a better remanent point to store a ‘1’. 

Fig. VI shows the variation of leakage voltage with matrix 
size for a read current of 100 ma, Superimposed cn thie plot are the 


"1" and "O° output voltages for the system as it now operates. 
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APPERDIAZ C 


SAMPLE CALCULATIONS 


Amalysia of the Diode Matrix 
































TABLZ 1 
i a (= =1) 2. a (2m ©1)(2 -1) 
é (x <1) 
60ma 100 99 $06 28. 19700 
iz “> ip ar 
(22 ©1) (a -1) (back) (2m 2) ~ 
3.1 2.5 199 300 198% 2.98 
1, Ly 1,/ly 1,/1, 
129ma 169ma .318 465 





The values of vy, and v, were obtained from Fig. x at points 
“A and "C', The value of vy, was similariy obtained from Fig. XI at 
point B. The resultant point, I7/i,= .465 st I, = 129 ma. for N= 100, 
is plotted on Fig. Vilas point D. Values of lo were chosen so as to 
cover the region between 100ma. and the minimum of the resultant 


curve. 
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lL. For N= 75 at 1; = 100 ma., from Fig. VIl,1,= 33 ma. 
2. Leakage voltage = 33 x 107° (10)(. 0963) = .0318 volts. 


This result is plotted on Fig. VI. 
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APPENDIX D 


SUPPLEMENTAL DISCUSSION 


Although all the previous work was predicated on an analysis 
of the static case, this by nc means infers that the dynamic response 
of the system is of no importance, On the contrary, the dynamic 
case may impose even more stringent limitations on the expansion of 
the matrix, and before definite conclusions can be reached, this 
analysie should be carried out. Even without being mathematically 
rigorous, several general trends can be predicted. 

Lach leakage section in Fig. VeA can be replaced by an induc- 
tance in series with the parallel combination of a diode and a capaci- 
tance where ; 

1, The diode represents the resistance of all the parallel 

diodes in that section. 

2. The capacitance represents the parallel combination of ail 

diede shunt capacitance in that section. 

3. The inductance represents the inductance of the cores 


through which the leakage current in that section passes. 


The forward dicde resistance and capacitance can be neglected, 


but the reverse diode resistance and capacitance is significant. Thus 
the entire leakage path can be represented by one inductance in series 
with the parallel combination of the net reverse diode resistance and 


the sum of the reverse diode capacitances. The read path can be 
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represented by the inductance of the core being read out, plus a series 
forward diode. 

The core is driven by the current through its windings. For 
small matrices, C is small and may be considered am open circuit. 
Because of the high back resistance in the leakage circuit, the major 
portion of the driver current initially fires through the read path, 
reading out the core. As N is increased, there is a threefold efiect: 

l. Net back resistance decreases, 

2. Net shunt capacity increases, 

3, The net inductance in the leakage path decreasez, 

The read path circuit parameters are independent of N. 

All three effects mentioned above are detrimental to the proper 
operation of the circuit, since they all tend to shunt more initial 
current through the leakage path, and thus reduce the carrent in the 
read path. 

A mathematically rigorous analysis is impossible to do without 
laboratory data correlation because the shunt capacitance is variable 
with the back voltage across the diode. However, if the read path 
current rises toe slowly, the core might not be read out. Generaliy 
speaking, if the rate of change of current in the read path is not equal 
to or greater than that in the leakage path, the system probably will 


not operate properly. 
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APPENDIX“ E 


GRIGINAL DATA. 


See Figure IX-A for block diagram of apparatus , 


Metering Resistors = 53 ohms 


Pulse length = 2 microseconds 








Input Turns =10 Ey = Voltage across metering resistor 
Qutpat Turns = 26 E = Voltage at output wiading 
I, = Input Currest ©) 
“oe 
“0? State “i State (11 Gme.} Glear State 
(Volts) (ma) (Volts) (Volts) (ma) (Volts) (Volts) (ma) (Volts) 
. 225 4.24 .10 412.12 £21.13 45 » 83 4,33 . 89 
. 35 6,6 15 2.25 42.4 1.05 65 17.93 » 25 
oS 12.27 .258 3.52 66.4 1.95 -675 12.74 a7 
. 85 16.94 .% 4.66 87.8 2.99 82 15.1 oa? 
1.4 25.4 50 5.25 99.0 3.45 1.4 26.4 . $0 
1.5 28.3 50 6.0 213.2 4.12 1.5 28.3 55 
2.6 37.7 :758 ©.9 #$450.2 6.25 1.7 32.3 . 64 
2.5 47.2 39.6 . 75 
2.95 55.7 44,3 . 85 
4.2 79.3 56.6 1.15 
5.§ 103.8 16.4 1.65 
6.6 4145.2 95.1 2.3 
7.6 132.0 5.85 210.5 3,0 
7.5 141.5 3.6 1.40 26.4 6.6 1424.5 3.75 
&.6 451.6 3.3 2.40 45.3 i.00 $7.8 141.5 4.75 
&.5 160.5 3,5 3.46 65.3 1.60 8.25 155.6 6.3 
16,4 196.3 4.5 4.36 81.2 2.316 &.75 165.0 123.8 
13.5 255 5.0 5.16 96.2 2.79 
5.60 1098.8 3.26 
ae oa ) ma.) 
‘ 17. » A 
1.70 32.160 .85 
1.80 34.0 + 96 
3.08 58.1 1.70 
4.45 83.9 2.85 
6.35 119.8 4.75 
6.37 1120.1 4.86 
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